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Abstract 
This investigation focus on the application of  surfactant enhanced aquifer  remediation (SEAR) technology  using 
modified surfactant to improve the remediation of  olive oil mill wastewater (OOMW), a new kind of surfactant was used 
which is a new extended surfactants sodium polypropylene oxides sulphate  of  the type (branched hydrocarbon chain)-
(propoxyle group)-(sulphate). A modelled three dimensional phase diagram using phenol as a model compound for the 
phenolic compounds in the OOMW was determined and the amounts of the surfactant needed to extract the phenol can be 
determined using the three-dimensional phase behaviour of the phenol, water and the proposed surfactant. 1H-NMR and 
direct photometric method was used for the detection of the efficiency of the surfactant in the remediation of OOMW. 
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1. Introduction  
A major environmental concern in the Mediterranean countries is the disposal and/or treatment of the large 
quantities of olive oil mill wastewater (OOMW) produced during olive oil processing. In general, OOMW is 
composed of many complex substances that are not easily degradable [1-3].  The high polluting power of 
OOMW is associated to its acidic pH and the high amounts of organic matter and Structure polyphenol 
content with low biodegradability making it very difficult to be purified [4].  
The olive fruit is very rich in phenolic compounds, but only 2% of the total phenolic content of the olive 
fruit passes in the oil phase, while the remaining amount is lost in the OMWW (approx. 53%) [5].  The 
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OOMW is characterized by intensive violet-dark brown up to black color, strong specific olive oil smell, high 
degree of organic pollution (chemical oxygen demand (COD); 40-220g/L and biochemical oxygen demand; 
35- 110g/L), pH ranging between 3 and 6, total organic compound of 25- 45g/L, high electrical conductivity, 
high content of polyphenols (0.5 24g/L), reducing sugars up to 60% of the dry substance, high content of 
solid matter, and potassium as the predominant inorganic material (~4g/L) [6]. 
Several studies were carried out to reduce the phenolic compounds and COD content of the OOMW using 
different treatment methods either biological treatment procedures [4] or chemical treatment procedures such 
as cloud point extraction [7], induced air flotation [8], capillary electrophoresis [9] and micellar systems [10-
11].  
The wastewater from the different olive mills located in different areas in Jordan is being disposed into the 
valleys. There, it is mixed with the untreated flowing municipal wastewater or with rainwater. The resulting 
high organic polluted wastewater affects the soil, the groundwater and the water courses downstream. This 
occurs mainly during olive mill season from early October to late December.  
The present study was aimed to reduce the phenolic compounds contents of OOMW by using Surfactant 
enhanced aquifer remediation (SEAR) technology. According to our knowledge these surfactants are not used 
yet to enhance the remediation of the OOMW. Surfactant enhanced aquifer remediation (SEAR) technology 
[12]  is a well known method in aquifer remediation of soil [13], solid drilling wastes and ground water from 
the Non Aqueous Phase Liquids [14].  
2. Experimental 
2.1. Materials and methods 
2.1.1. Materials 
The following chemicals and materials were used without further purification: 99% Phenolwas obtained 
from Across organics, New Jersey, USA. 98% Tetrabutyl ammonium bromide TBAB was obtained from 
Techno Pharmchem, India. ALFOTERRA 123-4S (sodium polypropylene oxides sulfate was obtained from 
Sasol, North America Inc. Potassium dihydrogen phosphate was obtained from Fluka-Garantie Purum p. a., 
Switzerland. dipotassium hydrogen phosphate was obtained from Riedel-De-Haen AG, Seelze-Hannover. 
Potassium ferricyanide was obtained from Peking's Reagent, Peking, China. 4-amino-antipyrine was obtained 
from Fluka AG, Zwitzerland. Water used in this study was deionized and distilled. Deuterated dimethyl 
sulfoxide was obtained from Merck, Germany. 
2.1.2. OOMW samples 
Olive oil mill wastewater samples were collected from the olive oil mill in Jordan and stored in aspirators 
at low temperature after filtration in order to get rid of any solid materials followed by acidification to pH 2 
with 2M HCL until required for experimental use. The storage of OOMW at low temperature was necessary 
because it has a time-variable composition. 
2.1.3. Phase Diagram Determination 
Titration method was used to determine the partial ternary phase diagrams Water/ (L123  4S)/phenol and 
Water/ (L123  4S): TBAB (1:1 molar ratio)/ phenol. The solubility regions were determined by adding water 
to (L123  4S)/ phenol combinations or (L123  4S): TBAB (1:1 molar ratio)/ phenol and mixing the sample 
with a shaker, then noting points of clarity and turbidity. The extent of the solubility regions was confirmed 
by centrifugation of samples at 4000 rpm for 5 minutes, then storing the  samples with composition close to 
the solubility limits at 22 ºC for several days. 
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2.1.4. Direct Photometric Method 
Steam-distillable phenol compounds react with 4-aminoantipyrine at pH 7.9 ± 0.1 in the presence of 
potassium ferricyanide to form a colour antipyrine dye. This dye is kept in aqueous solution and the 
absorbance is measured at 500 nm [15].  
2.1.5. NMR Measurements 
All NMR experiments were performed using a Bruker-DPX 300 MHz spectrometer. The various samples 
for the NMR experiments were prepared as follows: modelled samples were prepared by dissolving known 
amounts of phenol in a 1:1 (H2O:D2O), after separation of these modelled samples using known surfactant and 
co-surfactant amounts into aqueous and organic, the organic layer was dissolved in dueterated 
dimethylsulfoxide and water (DMSO: H2O 50:50) as the solvent. 
3. Results and discussions 
3.1.1. Total phenol content in the OOMW sample 
The total phenol content of the OOMW samples in this study were determined using the direct photometric 
method by reacting of 4-aminoantipyrine with the phenol in the samples depending on the samples of OOMW 
a total phenol content ranging between 264-803 ppm.  
3.1.2. Phase diagram  
Investigations of the phase behavior as a three components for the system water/ 123-4S/phenol shown in 
Figure 1 from the figure using 123-4S surfactant for the remediation of a modeled sample of water polluted 
with phenols not effective as the surfactant enhance the solubility of the phenol in water up to 37% of phenol 
with a corresponding to 16% of the surfactant 
 
Fig. 1. Phase diagram of water/ 123-4S/ phenol 
Investigation of the phase behaviour for the system water/ 123-4S: TBAB) (1:1 molar ratio)/phenol shown 
in Figure 2 showed that the combination between the 123-4S surfactant and the cationic TBAB co-surfactant, 
enhance the remediation of the modelled polluted water with phenols, as shown from figure 2, there are two 
phase area in which all the phenol and the surfactant are separated as a globule in a water continuous phase. 
The efficiency of the SEAR method in the remediation of polluted water was tested on OOMW in this 
project. The amount of organic content in either the aqueous or organic layer was determined using two 
techniques: the NMR and UV-visible spectrophotometry. 
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Fig. 2. Phase diagram of water/ 123-4S: TBAB (1:1) molar ratio/ phenol 
The 1H-NMR spectra of the modelled polluted water sample were obtained for both the globule and the 
liquid phases. The 1H-NMR results (Figure 3) showed that all the surfactant and the phenol in the modelled 
samples was concentrated in the globule phase (organic phase), and the liquid phase was almost free from any 
organic materials. However, when applying the SEAR method in real samples, various complications 
appeared which can be largely attributed to the degradation of the organic content of the OOMW. This is 
evident by the NMR spectra of these samples, were the spectra were dominated by organic content rich with 
aliphatic regions and the absence of the phenolic group signal from these spectra. 
The photometric technique was also used to test the organic content in both the aqueous and organic layers. 
For the modelled samples, 92% of the phenol was in the globule phase and only 8% was in the aqueous phase 
from the total phenol added (Table 1).These data support the NMR data for modelled samples, however, for 
real samples we were faced with the same complication. 
 
Fig. 3. 1 H-NMR spectrum, A: Liquid phase, B: Globule phase 
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Table 1. Photometric data for the modelled samples 
ModelledSample composition Abs.of aqueous layer %of phenol Abs.of Organic layer % of phenol 
Water 70.1% 
Phenol 17.6% 
Surfactant 12.3 % 
0.019 4.2  0.425 95.8 
Water 70.1% 
Phenol 17.6% 
Surfactant 12.3 % 
0.075 19.5 0.307 80.5 
4. Conclusion 
The modified surfactant of various extended surfactants of the type (branched hydrocarbon chain)-
(propoxyle group)-(sulphate) can be used for treatment of olive mill wastewater in principle, and the amounts 
of needed surfactants to extract the phenol can be determined using the three-dimensional phase behaviour of 
the phenol, water and the proposed surfactant. However, further studies are needed to optimize this method 
for real samples. 
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